1. Introduction {#sec1}
===============

Seawater pollution has been recognized as a global problem that requires an important public health and environmental concern and the quality of beach water is commonly evaluated in comparison to national and/or international standards which vary from one country to another ([@bib23]; [@bib6]; [@bib85]; [@bib39]; [@bib25]). Improper garbage disposal and coastal discharge of untreated domestic sewage, urban storm water runoff and animal waste-rich river discharges all contribute to the contamination of beach sand and coastal seawater ([@bib59]; [@bib14]). Recreational coastal waters have previously been reported to be harbouring high density of indicator microorganisms ([@bib13]; [@bib57]; [@bib61]) that could cause health problems such as gastrointestinal, skin, eye and ear infections among swimmers and beach goers ([@bib69]; [@bib6]). Indicator organisms are bacteria that are used as a signal of quality/hygienic condition in the environment (air, food and water). To determine the potential presence of enteric pathogens in beach sand and/or coastal water, indicator organisms are currently the functional standard, given their association with fresh faecal pollution ([@bib58]; [@bib40]) and hence pathogens ([@bib89]; [@bib38]). *Enterococcus* and *E. coli* are currently regarded as indicator organisms of choice for the determination of the microbiological quality of marine water ([@bib90]; [@bib15]). This is because, under an extensive range of environmental conditions such as high temperature and salt concentration, intestinal enterococci have been noted to be able to mimic the fate and dissemination of some of the most environmentally persistent pathogens such as viruses ([@bib88]). *Enterococcus* species such as *E. sulphurous, E. casseliflavus* and *E. mundtii* are mostly found in aquatic milieu. However, *E. faecalis* and *E. faecium* are predominant in human faeces and urban sewage, making them faecal indicators of choice ([@bib53]; [@bib80]; [@bib14]).

Several studies have reported the occurrence of potentially pathogenic *Enterococcus* spp., *Aeromonas* spp*. Staphylococcus* spp*., Pseudomonas* spp*.,* Viruses*, Salmonella, campylobacter*, and *E. coli*, isolated either from beach sand, seawater or in both samples ([@bib29]; [@bib21]; [@bib3]). Sewage pollution causes more threats to recreational water users than animal faecal contamination ([@bib74]), making it important to detect their sources in recreational water so that proper mitigation approaches can be put into practice, and hazards precisely measured. When *Enterococcus* densities were higher than 35 CFU/100 mL of recreational sea water, [@bib11] estimated the risk for contracting diarrhoea at 35 per 1000 for non-swimmers, and 59 per.

Recreational waters with a concentration of ≤35 colony forming units (CFU) of culturable enterococci per 100 mL are safe for recreational purposes ([@bib72]; [@bib84]). Therefore, in the interest of public health, beach quality monitoring and assessment based on microbiological and physicochemical parameters are considered a vital part of coastal management programs as recreational activities increase ([@bib16]; [@bib10]; [@bib25]). Nutrients in water can also lead to unfavourable fluctuations in physicochemical conditions of water such as turbidity, pH, oxygen availability, biological oxygen demand (BOD), conductivity and total dissolved solids ([@bib92]). Even slight changes in water physicochemical parameters may affect the quality of water and therefore its usability for recreational purposes ([@bib17]; [@bib46]; [@bib71]). Against this background, it is noteworthy that no studies have been undertaken to characterise the bacteriological and physicochemical qualities of Kidd\'s Beach till date. Hence, this study assessed the physicochemical parameters and the bacteriological qualities of Kidd\'s Beach water to ascertain its fitness for recreational purposes.

2. Materials and methods {#sec2}
========================

2.1. Description of study area and sample collection {#sec2.1}
----------------------------------------------------

Kidd\'s Beach is situated in Centani in the Eastern Cape Province of South Africa, with geographical coordinates; 33° 9′ 0″ S and 27° 41′ 0″ E. It is a small coastal resort, located on the Mkhanzi River, about 28 km from East London with total area of 2.13 square kilometers with population of 499 (217 males and 282 females as indicated by 2011 Census Report). It is an extremely common holiday destination that has a growing population of permanent residents and tourists, and is mostly used during summer period. Water samples were collected between November 2017 and April 2018 from six sites situated 200 m apart, where swimming activity usually takes place. Sampling sites: KP-1, KP-2 and KP-3 represented collection sites for beach water while KP-4 and KP-5 were canals and site KP-6 was a tidal pool. The six (6) sampling sites were located within the following geographical coordinates: S 33^o^ 08′ 35″ E 27^o^ 42′ 11^″^, S 33^o^ 08′ 45″ E 27^o^ 42′ 08″, S 33^o^ 08′ 32″ E 27^o^ 42′ 11″, S33^o^ 08′ 48″ E 27^o^ 41′ 59″, S 33^o^ 08′ 46″ E 27^o^ 42′ 21″ and S 33^o^ 08′ 53″ E 27^o^ 42′ 11″ for KP-1, KP-2, KP-3, KP-4, KP-5 and KP-6, respectively.

The samples were collected at 15--30 cm below the surface on the seaward side of a recently broken wave, following the descriptions of [@bib25]. *On-site,* the physicochemical analyses were carried out according to the recommended Standard Methods ([@bib8]). These parameters tested include; temperature, TDS (total dissolved solids) pH, salinity and electrical conductivity were conducted in triplicates using a portable Hanna multi-parameter device (HI 98185, ROMANIA). A HACH turbidimeter (HACH Company, model 2100P) was used to measure the turbidity. Subsequently, water samples were transported on ice to the Applied and Environmental Microbiology Research Group (AEMREG) laboratory at the University of Fort Hare, Alice, South Africa and bacteriologically examined within 4--6 h of collection.

2.2. Microbiological analysis {#sec2.2}
-----------------------------

### 2.2.1. Isolation and identification of presumptive enterococci {#sec2.2.1}

Samples were serially diluted following which 100 mL of each dilution was filtered through nitrocellulose membrane filters (0.45-μm pore size, Millipore, Ireland) for the isolation and enumeration of the faecal coliforms as described in [@bib8]. Following filtration, the membrane filters were aseptically transferred with sterile forceps onto plates containing Bile Aesculin Azide agar (acc. to ISO 7899-2) and incubated for 48 h at 37 °C. After the incubation period, all brown to black colonies were enumerated as presumptive faecal enterococci and reported as CFU/100 mL surface water. The presumptive isolates were stored at --80 °C in 20% glycerol stock for further assays.

### 2.2.2. Extraction of DNA and molecular confirmation of presumptive *Enterococcus* spp. {#sec2.2.2}

Bacterial DNA was extracted using the boiling method as described by [@bib54]. Briefly, colonies were picked and suspended in 200 μL sterile distilled water, vortex and boiled at 100 °C for 15 min. The cell suspension was centrifuged at 15,000 rpm for 15 min, after which the supernatant containing the DNA was collected and stored at -20 °C for downstream processes. Polymerase chain reaction (PCR) amplification of the *Enterococcus* specific *tuf*-gene (amplicon size 112 bp) was then used to confirm the identities of the presumptive enterococci isolates as described by [@bib44]. *Enterococcus feacalis* (DSM 20478) was used as a positive control. PCR amplification was carried out in 25 μL reaction mixture consisting of 12.5 μL of PCR master mix (Thermo Scientific, (EU) Lithuania), 0.5 μL each of the forward and reverse primer (Inqaba Biotech, SA), (Ent1 F-5\'TACTGACAAACCATTCATGATG-3\' and Ent2 R-5\'AACTTCGTCACCAACGCGAAC-3\'), 5 μL of DNA template and 6.5 μL of nuclease-free water. The cycling conditions were set as follows: initial denaturation at 94 °C for 3 min, followed by 30 cycles of melting at 94 °C for 30 s, annealing at 53 °C for 45 s, and extension at 72 °C for 60 s. The process was then followed by a final extension step at 72 °C for 7 min. PCR products were resolved by electrophoresis in 2% agarose gel incorporated with 5 μL of ethidium bromide (Sigma-Aldrich, USA) at 100 V for 45 min in 0.5× TBE buffer, and visualized under a UV transilluminator (ALLIANCE 4.7, France).

### 2.2.3. Speciation of confirmed enterococci isolates {#sec2.2.3}

All PCR confirmed enterococci isolates were subjected to another round of PCR to determine their species using species specific primers as described by [@bib41]. The PCR cycling conditions, primers sets, product size and targeted species are as shown in [Table 1](#tbl1){ref-type="table"}. The PCR reaction mixture was constituted as previously described.Table 1Primers for the speciation of *Enterococcus* species. (are there no genes used to target their strains?).Table 1Target strainsPrimerSequences (5′--3′)PCR cycling conditionsProduct Size(bp)Reference*E. faecalis* ​ATCC 19433FL1\
FL2ACTTATGTGACTAACTTAACC TAATGGTGAATCTTGGTTTGG95 °C (4 min), 30 cycles of {94 °C (30 sec), 52 °C (1 min), 72 °C (1 min)}, 72 °C (7 min)360[@bib41]*E. durans* ​ATCC 19432DU1\
DU2CCTACTGATATTAAGACAGCG\
TAATCCTAAGATAGGTGTTTG95 °C (4 min), 30 cycles of {94 °C (30 sec), 52 °C (1 min), 72 °C (1 min)}, 72 °C (7 min)295[@bib41]*E. casseliflavus* ​ATCC 25788CA1\
CA2TCCTGAATTAGGTGAAAAAAC\
GCTAGTTTACCGTCTTTAACG95 °C (4 min), 30 cycles of {94 °C (30 sec), 52 °C (1 min), 72 °C (1 min)}, 72 °C (7 min)288[@bib41]*E. faecium* ​ATCC19434FM1\
FM2GAAAAAACAATAGAAGAATTAT\
TGCTTTTTTGAATTCTTCTTTA95 °C (4 min), 30 cycles of {94 °C (30 sec), 48 °C (1 min), 72 °C (1 min)}, 72 °C (7 min)215[@bib41]*E. hirae* ​ATCC 8043HI1\
HI2CTTTCTGATATGGATGCTGTC\
TAAATTCTTCCTTAAATGTTG95 °C (4 min), 30 cycles of {94 °C (30 sec), 48 °C (1 min), 72 °C (1 min)}, 72 °C (7 min)187[@bib41]

2.3. Statistical analysis {#sec2.3}
-------------------------

Accrued data was subjected to descriptive statistical analysis (95% confidence interval) using IBM SPSS version 23 (IBM, Armonk, NY, USA). One-way analysis of variance (ANOVA) was done to test for differences among the parameters measured with respect to sampling sites. Relationships between groups was determined through correlation analysis and described as significant when *P* values were less than 0.05. Correlations between the physicochemical properties and *Enterococcus* were observed using a 2-tailed Pearson\'s correlation analysis.

3. Results and discussion {#sec3}
=========================

The mean monthly values recorded for each of the determined physicochemical parameter and presumptive *Enterococcus* counts at each of the 6 sampling sites are presented in Supplementary Table 1. The readings at each sampling site were also combined to give the overall monthly water quality at Kidd\'s Beach and the results are presented in [Fig. 1](#fig1){ref-type="fig"}. Water pH was largely in the neutral range, and ranged between 7.6 in February 2018 to 7.9 in April 2018 whereas water temperature ranged between 20 °C and 25 °C throughout the sampling period. When compared by sampling sites, the pH values at different sampling sites did not significantly differ in the month of November 2017 though they were observed to be significantly different (*P* ˂ 0.05) from site to site in the remainder of the sampling period (December 2017 to April 2018) (Supplementary Table 1). Recreational water with very low or very high values pH may cause problems to the skin and eyes of swimmers ([@bib90]).Fig. 1A map showing the sampling points in Kidd\'s Beach.Fig. 1

However, both the recorded pH and temperature in this study conformed to the no observable effect level (NOEL) recreational water quality standards set by the Environmental Protection Agency (EPA), ranges of which stand at 6.5--8.5 for pH and 15--35 °C for temperature respectively ([@bib25]; [@bib83b]). There was a noticeable trend between the concentration of total dissolved solids (TDS) and electrical conductivity (EC) which were both highest in November 2018 and lowest in April 2018, with concentration ranges of 20 000--25 000 mg/L and 40 000--50 000 μS/cm, respectively. This was confirmed by correlation analysis which showed a positive relationship between these two parameters (P \< 0.05; [Table 2](#tbl2){ref-type="table"}). This result agrees with the report of [@bib76] that EC tends to have higher levels of correlation with many of the water quality parameters.Table 2Relationship among the physicochemical parameters and *Enterococcus* spp at Kidd\'s Beach (November 2017--April 2018).Table 2ECpHsalinityTDSTempenterococci CountTurbidityStatisticParameter1-0.01478.930\*\*1.000\*\*-.466\*\*-.377\*\*0.028715Pearson CorrelationEC0.8492374.99E-7402.04E-104.64E-070.711763Sig. (2-tailed)168168168168168168N1-0.02242-0.014910.0598610.015574-.375\*\*pH0.7730060.8478790.4408350.8411935.44E-07Sig. (2-tailed)168168168168168N1.930\*\*-.450\*\*-.278\*\*0.002895salinity4.8E-749.73E-100.0002640.970291Sig. (2-tailed)168168168168N1-.466\*\*-.378\*\*0.02834TDS1.88E-104.36E-070.715365Sig. (2-tailed)168168168N1.389\*\*-0.10193Temp1.93E-070.18859Sig. (2-tailed)168168N1-.152\*Count0.048785Sig. (2-tailed)1TurbiditySig. (2-tailed)N[^1][^2]

While there is no precise recommendation obtainable for the EC levels of recreational coastal waters, very high values are likely in ocean water on the basis of the level of fluctuations in temperature ([@bib31]) and quantity of dissolved solids ([@bib93]). River discharges containing domestic sewage effluents have also been noted to increase EC ([@bib86]) while freshwater influx as during rainy seasons may actually lower it ([@bib73]). Water salinity ranged between 25 PSU to 33 PSU for the entire six-month sampling period.

The turbidity of the water samples for the month of November 2017 exceeded the acceptable range of 0.5--10 NTU for coastal water as set by the Department of Environment and Conservation (New South Wales) ([@bib7]). However, since this increase in turbidity coincided with the summer season in this part of South Africa, it was attributed to increased river discharges and muddy runoff water that entered into the ocean during that time. Highly turbid water impedes light penetration, reducing the microbial-killing effect of the sun\'s UV light ([@bib30]), so that such water is associated with higher levels of pathogenic microorganisms such as bacteria, viruses and parasites ([@bib55]).

Data for site-specific monthly prevalence of presumptive *Enterococcus* in Kidd\'s Beach water over the sampling period is presented in [Fig. 2](#fig2){ref-type="fig"}. Presumptive *Enterococcus* counts ranged between 64 and 168 CFU/100 mL across the sampling sites. Sampling sites KP4, KP5 and KP6 had significantly higher counts than other sites (*P* \< 0.05) this is likely due to the flow of Mcantsi River into the canals which impacts the K4 and K5 sites, and municipal sewage discharge impacting KP6. The presence of these indicators in water connotes faecal contamination, which could be detrimental to public health, effects of which can cascade down to the economy ([@bib37]; [@bib1]; [@bib52]). Going by USEPA guidelines, recreational waters with microbial densities greater than the maximum contaminant limit of 33 or 35 CFU/100 mL for *Enterococcus* could depict a serious threat of waterborne infections ([@bib82]; [@bib84]; [@bib1]). Reports that correlate the occurrence of bacterial indicators and the occurrence of gastrointestinal illness at swimming beaches suggest that the best indicators of health risk from recreational water contact are *E. coli* (fresh water) and enterococci (marine and fresh water) ([@bib86a]; [@bib1]; EPA, 2011). The basis for the use of enterococci as quality indicators for marine recreational water stems from its higher correlation to human pathogens often found in sewage compared to other faecal coliforms ([@bib83a]; [@bib42]). In addition, the enhanced survival of the members of the genus *Enterococcus* in brackish and salty conditions characteristic of marine recreational beaches ([@bib42]), if compared to others. Results of this study indicated that the beach and canal waters were of poor microbiological quality and suggest that swimming or surfing in Kidd\'s Beach exposes children, elderly persons and people with compromised immune systems to significant health risks. The possible effect is more profound in the Eastern Cape bearing in mind the high number of people with immune systems compromised via HIV/AIDS ([@bib77]).Fig. 2The physicochemical parameters of coastal water at the Kidd\'s Beach, November 2017 to April 2018.Fig. 2

Since different water quality parameters are used to determine water quality, correlation analysis was performed to determine possible relationships. [Table 2](#tbl2){ref-type="table"} shows the correlation coefficients of physicochemical water quality parameters and enterococci counts. Some correlations of note included the fact that temperature was positively correlated with *Enterococcus* counts. In addition, there was a highly significant correlation between *Enterococcus* counts and turbidity (*P* \< 0.01).

3.1. *Enterococcus* confirmation and speciation {#sec3.1}
-----------------------------------------------

Out of the 409 presumptive *Enterococcus* isolates recovered from the samples, 67 were confirmed to be *Enterococcus* at the genus level. Our findings corroborate with the report of [@bib32] in which about 10% of colonies growing on mEI agar did not belong to *Enterococcus* spp*.* Therefore, the use of standard procedures such as biochemical tests and molecular characterisations like 16S rRNA gene sequencing for the reassessment of the growing colonies and identification of *Enterococcus* spp at the species level is indispensable. The 67 confirmed enterococci isolates were screened for species level identities targeting the species *E. durans, E. casseliflavus, E*. *faecalis, E. hirae* and *E. faecium,* due to their re-occurrence in human infections as reported in literature ([@bib56]; [@bib68]; [@bib27]; [@bib78]). A total of 19 (28.4%) isolates were identified to be *E. faecalis* while 40 (59.7%) isolates were identified to be *E. feacium.* However, 8 of the confirmed isolates could not be characterized to species level. Monitoring ratios *of E. faecium* or *E. faecalis* and the dissemination of enterococci in different matrices is considered important in evaluating the value of this group as a faecal indicator in a bid to protect human health ([@bib49]). The species distribution of enterococci encountered in recreational waters sampled in the current study showed a higher ratio of *E. faecium* to *E. faecalis* (40:19) as a proportion of the entire species isolated. It is generally accepted that *E. faecium* are more specific to humans ([@bib47]; [@bib24]), and compared with other species, they seem to live longer in aquatic milieu which makes them the most common enterococci species found in environmental samples ([@bib49]; [@bib24]). The high frequencies of *E. faecalis* and *E. faecium* in beach water samples collected in the current study therefore indicate possible human faecal contamination.

In addition, these species are often implicated in recreational seawater with enterococci population above acceptable regulatory guidelines ([@bib33]). In our findings, *E. faecium* (n = 40) constituted the majority of culturable enterococci isolates, which is similar to reports from France ([@bib94]) and Poland ([@bib50]) in which *E. faecium* were the most common isolates among the enterococcal populations with 28.9% (n = 153) of the cases. However, *E. faecalis* was found to be the major enterococcal species in reports from Malaysia ([@bib51]) and Portugal ([@bib4]). The difference could be ascribed to seasonal sample collection as, in a study by [@bib48], *E. faecium, E. faecalis* and *E. durans* were found to be most often isolated in summer, winter and spring respectively. This could be elucidated by the fact that during summer time *E. faecalis* is abundant in livestock faeces while *E. faecium* is the most detected species in winter due to its ability to live longer in aquatic milieu ([@bib22]) (see Figs. [Fig. 3](#fig3){ref-type="fig"}, [Fig. 4](#fig4){ref-type="fig"}, [Fig. 5](#fig5){ref-type="fig"} and [6](#fig6){ref-type="fig"}).Fig. 3Geometric mean of *Enterococcus* (CFU/100mL).Fig. 3Fig. 4PCR products of the amplification of tuf-gene. Lane M: molecular weight marker (100 bp); lane N: negative control; lane P: positive control (DSM 20478) lanes 1--10: positive isolates.Fig. 4Fig. 5Gel image showing molecular confirmation of *E. feacalis* (360). Lane M: molecular weight marker (100bp); Lane P: positive control (DSM20478) Lane N: Negative control: Lane 1--3 are positive isolates; N: negative control; Lane 4--8 positive isolates.Fig. 5Fig. 6Gel image showing molecular confirmation of *E. feacium* (215bp). Lane M: molecular weight marker (100bp); Lane P: positive control (DSM 20478) Lane N: Negative control: Lane 1--10 are positive isolates.Fig. 6

4. Conclusions {#sec4}
==============

Pollution of recreational water either by human or animal faecal waste is a major public health hazard. In the present study, the levels of the physicochemical quality parameters of the Kidd\'s Beach samples complied with set standards for recreational water and as a result may be used for recreational purpose. However, the microbiological quality of the water samples suggests possible health threats if ingested. In like manner, *tuf* and superoxide dismutase (*sodA*) genes are good molecular markers for the identification of *Enterococcus* at the genus and species levels, respectively. High prevalence of *Enterococcus* species may be an indicator of potential health hazards for beach users. Future research should focus on the assessment of beach water for the presence of this bacterium throughout the four season of the year to give room for epidemiological studies to establish the role played by these pathogens.
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[^1]: N = sample size. EC: Electrical conductivity, TDS total dissolved solids.

[^2]: \*. Correlation is significant at the 0.05 level (2-tailed). \*\*. Correlation is significant at the 0.01 level (2-tailed).
